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In planning for man's extended periods of time in space flight, the 

special dietary requirements imposed by inactivity, lack of gravitational 

force, and limited storage space must be considered. 

Fat is the most concentrated form of energy which can be supplied to 

living organisms. This form of energy may be provided exogenously by food 

or endogenously by fat synthesis from otherwise unused carbohydrate , protein , 

or fat. Questions concerning the relative efficiencies of calorie sources-- 

exogenous or endogenous--during extended periods of caloric expenditure with 

limited accessibility of food seem relevant--e.g., What are the relative 

efficiencies of fat utilization for energy when it is supplied exogenously 

in food or from body stores within the animal? 

best met by eating fat during the time of need or from body fat stores? 

some fatty acids more readily used than others for energy? 

Are the caloric requirements 

Are 

The purpose of the present investigation undertaken during the period 

under review, was to study the effects of diet composition on a) total fatty 

acid content of liver, adipose tissue and carcass, b) changes i n  fatty acid 

composition of liver, adipose tissue, and carcass, c) activities of enzymes 

related to fat and carbohydrate metabolism, and d) rate of deposition or 

utilization of body fat in rats given purified diets at certain levels 

of caloric intake. 
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EXPERIMENT I 

Procedure: 

Animals. Weanling 21-day-old female rats of t h e  Long-Evans s t r a i n  were 

housed ind iv idua l ly  and fed p u r i f i e d  d i e t s  con ta in ing  O%, ll%, o r  45% of t h e  

c a l o r i e s  as f a t  f o r  11 weeks. The composition of t h e  d i e t  i s  shown i n  Table  1. 

During t h i s  11 weeks t h e  rats were  weighed and g iven  4 drops of saff lower o i l  

twice weekly. The ad l i b i tum food i n t a k e  was a l s o  measured twice weekly. - 
A t  11 weeks post-weaning the  t h r e e  groups were d iv ided  as follows: 

I n i t i a l  Number of r a t s  on f i n a l  d i e t s  (5 .5  weeks) 
D i e t  No. 

f o r  11 of 25 ca l l100  gm. body wtlday 19 ca1/100 gm.body wtlday 
weeks Rats 

0% Fa t  11% F a t  45% Fa t  0% F a t  11% Fat  45% Fat  

0% F a t  9 1 0 2 3 0 3 

11% F a t  14 5 0 5 0 4 0 

45% Fa t  20 3 5 5 2 0 5 

Body weights were recorded twice weekly, t h e  sa f f lower  o i l  w a s  continued 

and t h e  d i e t s  were r a t i o n e d  so tha t  t h e  rats r ece ived  25 o r  19 ca1/100 

gm. body weightlday. 

A t  t h e  end of t h e  f i n a l  d i e t  per iod  (5 .5  weeks) t h e  food cups w e r e  

removed a t  5 PM t h e  day before  s a c r i f i c e .  S a c r i f i c e  was by g u i l l o t i n e  i n  

t h e  morning. 

t h e  hepa t i c  a r t e r y ,  l i v e r  was removed and weighed, a l l  of t h e  v i s i b l e  f a t  

i n  t h e  a b d m i n a l  c a v i t y  w a s  removed adweighed  as abdominal f a t  o r  mesenter ic  

f a t ,  and t h e  g a s t r o i n t e s t i n a l  t r a c t  w a s  d i scarded .  The ca rcas s  (minus l i v e r ,  

abdan ina l  f a t  and g a s t r o i n t e s t i n a l  tract) was weighed. 

Blood was dra ined  from t h e  neck and i n t e r n a l l y  a f t e r  c u t t i n g  
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Chemical methods. The l i v e r  and f a t  samples  were d r i e d  i n  vacuo a t  

room temperature t o  cons tan t  weight (about 70 hours) f o r  de te rmina t ion  of 

s o l i d s .  The t o t a l  f a t t y  a c i d s  were then  e x t r a c t e d  from t h e  d r i ed  samples 

wi th  hot  e thanol -e ther  (3: 1) , sapon i f i ed ,  methylated and t h e i r  f a t t y  a c i d  

composition analyzed by gas- l iqu id  chromatography (1). 

Carcass  was d iges ted  i n  400 m l  of 25%aki&olic KOH on t h e  steambath f o r  

about  4 hours.  The volume was then made up t o  1 l i te r  with 45% e thano l  and 

a l i q u o t s  were taken f o r  f a t t y  acid e x t r a c t i o n .  F a t t y  a c i d  composition was 

determined as given above (1). 

R e  sill t s 

Table 2 shows t h e  e f f e c t s  of vary ing  t h e  cal o r i c  i n t a k e  on body weight .  

U t i l i z a t i o n  of c a l o r i e s  as evaluated by changes i n  body weight appeared t o  

be t h e  s a m e  whether 0%, ll%, o r  45% of t h e  c a l o r i e s  w e r e  suppl ied  by f a t .  

Groups rece iv ing  25 ca1/100 gm. body weight gained about 0 . 5  gm pe r  day,  

wh i l e  those  r ece iv ing  19 ca1/100 gm body weight l o s t  about  0 . 8  gm per  day. 

F a t t y  a c i d  composition o f  l i v e r  (Table  3) was very  d i f f e r e n t  from t h a t  

of abdominal f a t  (Table 4) o r  carcass  (Table 5) as shown i n  Table  6 .  This  

i s  t o  be expected s i n c e  phospholipid i s  t h e  ch ie f  l i p i d  component of l i v e r  

whereas i n  adipose t i s s u e  i t  i s  mainly t r i g l y c e r i d e .  I n  l i v e r ,  C12: 0 and 

C14:O f a t t y  a c i d s  were higher  and t h e  C 1 8 : l  f a t t y  a c i d  lower when t h e  45% 

f a t  d i e t  was fed r a t h e r  than t h e  0% f a t  d i e t .  The changes,  however, w e r e  

small compared wi th  t h e  d i f f e rences  i n  t h e  carcass o r  abdcminal f a t .  R a t s  

f ed  11% f a t  from weaning o r  those whose d i e t  was changed t o  t h e  0% or 11% 

d i e t  from t h e  45% f a t  d i e t  had C 1 2 : O  and C14:O f a t t y  a c i d  va lues  between 

those  f o r  0% and 45% f a t  d i e t s .  
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The s o l i d s  and f a t t y  a c i d  content  of t h e  l i ve r ,  abdominal f a t  and carcass 

from the  rats on t h e  d i f f e r e n t  d i e t  regimens are shown i n  Tables  3 ,  4 ,  5 .  

These d a t a  are summarized according t o  diret groups i n  Table 6 f o r  l iver and 

i n  Table  7 f o r  abdominal f a t  and ca rcas s .  The % of s o l i d s  i n  l iver  w a s  30- 

32% and t h e  % of  t o t a l  f a t t y  acids (TFA) i n  l i v e r  (dry weight) was  12-14%. 

There appeared t o  be no d i f f e rence  i n  % s o l i d s  w i t h  r e s p e c t  t o  d i e t  com- 

p o s i t i o n  o r  level of c a l o r i c  i n t ake ,  but t h e  % TFA appeared t o  be h ighe r  

i n  groups fed  t h e  11% f a t  d i e t  the e n t i r e  t i m e  o r  changed from 45% t o  11%. 

There may have been a s l i g h t l y  lower % s o l i d s  i n  abdominal f a t  i n  

r a t s  fed  3/4 as many c a l o r i e s  as t h e  f u l l  r a t i o n  as ind ica t ed  i n  t a b l e  4 .  

The va lues  averaged 86% compared wi th  93% f o r  t h e  f u l l - c a l o r i e  feeding .  

Also ,  t h e  TFA level w a s  about 92% of s o l i d s  f o r  t h e  f u l l - r a t i o n  r a t s  com - 

pared w i t h  89% f o r  those  f ed  3/4 r a t i o n s .  

The rats fed  3/4 c a l o r i e  d i e t s  may have had a s l i g h t l y  lower % of TFA 

i n  t h e  carcass (Table 5). The va lue  was about 8% versus  11% o f  w e t  carcass 

weight i n  t h e  f u l l - f e d  r a t s .  

From t a b l e s  6 and 7 it may be seen  t h a t  t he  rats fed  3/4 as many 

c a l o r i e s  as t h e  f u l l  r a t i o n  rats f o r  5-6 weeks a f t e r  ad - l i b i t u m  feeding f o r  

3 months had the same f a t t y  a c i d  composition of c a r c a s s ,  abdominal f a t  o r  

l iver  as d i d  those  given fu l l  r a t i o n s  dur ing  t h e  f i n a l  5 . 5  weeks. 

F a t t y  a c i d  composition of  carcass  and abdominal f a t  were a l i k e  f o r  a 

g iven  d i e t a r y  regimen except  t h a t  c a r c a s s  had a h igher  percentage of  l i n o -  

1,.:- --a ..-mel.:2,.-:- --:A / W - L l -  7\ r7-&4--- - - 2 3  ------ '*--- A G L L  auu aLaLiiLuuuLL aLLu {rczulc 11. rrrLLy a c i u  ~ u u r p u s ~ L i u i i  of C ~ T C Z S S  a d  

abdanina l  f a t  from r a t s  fed  45% of t h e  c a l o r i e s  as hydrogenated coconut o i l  

conta ined  t h e  h ighes t  p ropor t ions  of C12: 0 ,  C14: 0 , and C 1 4 :  1 f a t t y  a c i d s  

and t h e  lowest  propor t ions  of C16: 1 and C18: 1 f a t t y  a c i d s .  The f a t t y  a c i d  
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values  were s i m i l a r  whether the ra t s  had consumed t h e  45% f a t  r a t i o n  s i n c e  

weaning o r  had been t r a n s f e r r e d  from 0% o r  11% f a t  d i e t s  t o  t h e  45% f a t  

d i e t .  The f a t t y  a c i d s  of abdominal and carcass f a t  of rats fed  d i e t s  

provid ing  11% of t h e  calories had  values f o r  C12:0, C14:0, and C1S:l. f a c t y  

a c i d s  between those  f o r  rats f ed  t h e  0% and 45% f a t  d i e t s .  Rats  fed  45% 

f a t  d i e t s  a t  f i r s t  and then changed t o  0% o r  11% f a t  d i e t s  f o r  t h e  las t  5 .5  

weeks had a f a t t y  a c i d  p a t t e r n  similar t o  those  fed 11% f a t  s i n c e  weaning. 

Comments : 

1) The t o t a l  f a t t y  a c i d  content and t h e  f a t t y  a c i d  composition of 

l i v e r  i s  f a i r l y  s t a b l e  and does not r e a d i l y  r e f l e c t  l a r g e  changes i n  d i e t a r y  

f a t .  

2) The f a t t y  a c i d  composition of c a r c a s s  and abdominal f a t  changed 

r e a d i l y  with changes i n  l e v e l  of d i e t a r y  f a t .  This  was  a t t r i b u t e d  t o  the  

f a t t y  a c i d  composition of the  f a t  t h a t  w a s  fed  a t  3 d i f f e r e n t  l e v e l s ,  r a t h e r  

than  t o  changes i n  endogenous synthes is  s i n c e  t h e  d i e t a r y  f a t  cons i s t ed  of 

49% C12:0, 19% C14:0, and 9% each of  C16:O and C18:O. 

3) Since  t h e  rats f ed  3 / 4  a s  many c a l o r i e s  as t h e  con t ro l  ra ts  had 

t h e  same f a t t y  a c i d  composition of t h e  f a t  and l i v e r  even though they had 

l o s t  cons iderable  weight ,  it appears t h a t  c e r t a i n  f a t t y  a c i d s  of body f a t  

are  no t  used i n  preference  t o  o thers  f o r  energy. On t h e  o ther  hand, a n  

excess s to rage  of C12:O and C14:O f a t t y  a c i d s  d i d  not impair the u t i l i z a t i o n  

of o t h e r s .  

4)  The percentage of s o l i d s  i n  abdanina l  f a t  and of t o t a l  f a t t y  a c i d  

i n  carcass  may have been s l i g h t l y  lower i n  rats fed 3/4 of c a l o r i e s  as con- 

t r o l  animals. 
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EXPERIMENT I1 

Procedure : 

Weanling 21-day-old male rats o f  t h e  Long Evans s t r a i n  w e r e  housed i n -  

d iv idua l ly  and were f e d ,  ad - l ib i tum,  Purina r a t  chow f o r  7 weeks. They w e r e  

then fed p u r i f i e d  d i e t s  conta in ing  0% (11 rats) o r  45% (10 rats) of c a l o r i e s  

as f a t  fo r5 .5add i t iona l  weeks. The composition of t h e  d i e t s  w a s  t h e  same 

and t h e  measurements of body weight and food i n t a k e  were performed as i n  

Experiment I .  A t  12 weeks post-weaning, t he  two d i e t  groups w e r e  d iv ided  

so  t h a t  a) 3 ra ts  w e r e  fed weighed r a t i o n s  of t h e  same d i e t  a t  t h e  l e v e l  of 

17.5 ca lo r i e s /100  gm body weight /day,  b) 3 o r  4 ra ts  were fed t h e  same d i e t  

bu t  r e s t r i c t e d  t o  only 14.5 ca lor ies /100  gm weight /day,  and c) 4 rats were 

changed t o  t h e  o ther  d i e t  and fed 14 .5  ca lo r i e s /100  gm weight/day f o r  5 . 5  

weeks more. The day before  s a c r i f i c e  t h e  food cups w e r e  wi thhe ld  from t h e  

cages u n t i l  about 4:30 PM a t  which t i m e  t h e  food w a s  suppl ied .  S a c r i f i c e  

w a s  by g u i l l o t i n e  i n  t h e  morning. 

The rats were b led  and the  liver and abdominal f a t  w e r e  t aken  as i n  Experiment 

I. I n  a d d i t i o n ,  a l l  of  the epididymal f a t  w a s  removed f o r  s e p a r a t e  ana lyses ,  

Mesenter ic  f a t  and carcass were each weighed, but  no t  analyzed.  Chemical 

a n a l y s i s  f o r  f a t t y  a c i d  composition of l i v e r ,  abdominal f a t  and epididymal 

f a t  were c a r r i e d  ou t  by t h e  method descr ibed  i n  Experiment I .  

t h e  a c t i v i t i e s  of seven s o l u b l e  enzymes were assayed i n  t h e  100,000 x g 

supe rna tan t  f r a c t i o n s  prepared from homogenates of l i v e r  and epididymal 

f a t  taken from 3 ra ts  fed t h e  0% f a t  d i e t  and 3 r a t s  fed the  45% f a t  d i e t  (2).  

Age a t  t i m e  of s a c r i f i c e  w a s  138-145 days.  

I n  a d d i t i o n ,  

Resul t s  : 

The r e s u l t s  obtained i n  t h i s  experiment with male ra ts  as s u b j e c t s  confirm 

t h e  previous f ind ings  made wi th  female r a t s .  Ca lo r i c  e f f i c i e n c y  w a s  t h e  same 

whether t h e  0% or  45% f a t  d i e t  was consumed--the weight ga ins  were the  same 

w i t h  e i t h e r  d i e t  when 17.5 ca1/100 gm body weight/day were fed and ,  l i kewise ,  
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t h e  weight l o s s e s  were t h e  same when e i t h e r  d i e t  was fed a t  14 .5  ca1/100 gm 

body weightlday (Table 8). 

The s o l i d s  conten t  of t h e  l i v e r ,  abdominal and epididymal f a t  d id  no t  

change wi th  t h e  amount of  f a t  i n  the d i e t  o r  whether 17.5 o r  14.5 ca1/100 gm 

body weightlday were consumed. 

epididymal f a t  w a s  no t  a f f e c t e d  by t h e  amount of f a t  i n  t h e  d i e t  o r  t he  l e v e l  

of c a l o r i c  i n t ake .  It  appeared t o  be a l i t t l e  higher  i n  abdominal f a t  when 

t h e  45% f a t  d i e t  was consumed ( T a b l e s  9 and 10) .  

The t o t a l  f a t t y  a c i d  conten t  of  l i v e r  and 

The f a t t y  a c i d  composition of t h e  t h r e e  t i s s u e s  was t h e  same whether a 

f u l l  r a t i o n  w a s  fed or one r e s t r i c t e d  t o  80% of the  c a l o r i e s .  The abdominal 

and epididymal f a t  of t he  r a t s  fed only t h e  0% f a t  d i e t  a f t e r  t h e  pe r iod  on 

chow had the  same f a t t y  a c i d  composition, however t h e  C12:O f a t t y  a c i d  w a s  

lower and t h e  C18:2 f a t t y  a c i d  was h igher  i n  t h e  epididymal f a t  t han  i n  

t h e  abdominal f a t  of ra ts  fed  t h e  45% f a t  d i e t  a t  c e s s a t i o n  of  t h e  chow d i e t  

(Table  9 ) .  

The consumption of the  45% f a t  d i e t  r a t h e r  than the  0% f a t  d i e t  r e s u l t e d  

i n  l a r g e  inc reases  i n  t h e  C 1 2 : O  and C14:O f a t t y  a c i d s  i n  t h e  abdominal and 

epididymal f a t ,  wi th  t h e  g r e a t e r  d i f f e rences  being seen i n  t h e  aWominal f a t .  

Changing from a d i e t  con ta in ing  0% f a t  t o  one conta in ing  45% f a t  o r  v i c e  versa  

r e s u l t e d  i n  t h e  f a t t y  a c i d  composition of t he  epididymal and abdominal f a t  

be ing  in te rmedia te  t o  t h a t  when 0% or  45% f a t  d i e t s  only were f ed .  

-- 

The e f f e c t s  of  t h e  amount of f a t  i n  the  d i e t  w e r e  a l s o  seen i n  t h e  f a t t y  

a c i d  composition of t h e  l i v e r  but t o  a less-marked degree (Table 10) .  

The r e s u l t s  of  t h e  enzyme assays on l i v e r  and epididymal adipose t i s s u e  

of s i x  male r a t s  fed the  0% or  45% f a t  d i e t s  are shown i n  Table 11. 

a l l  enzymes assayed except  hexokinase had lower s p e c i f i c  a c t i v i t i e s  when the  

I n  l i v e r ,  
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45% f a t  d i e t  w a s  consumed than when t h e  d i e t  w a s  0% f a t .  

t i s s u e ,  glucose-6-phosphate dehydrogenase, a-glycerophosphate dehydrogenase, 

c i t r a t e  c leavage and malic enzymes had lower s p e c i f i c  a c t i v i t i e s  when t h e  

45% f a t  d i e t  w a s  consumed, but pyruvate k inase  had a s l i g h t l y  h ighe r  s p e c i f i c  

a c t i v i t y .  Th i s  la t ter  observat ion i n  ad ipose  t i s s u e  w a s  con t r a ry  t o  what 

w a s  found i n  l i v e r  and should be s tudied  a t  a la te r  d a t e  t o  see i f  i t  i s  

s i g n i f i c a n t .  

In t h e  ad ipose  

Comments : 

It  i s  apparent  t h a t  t h e  endogenous syn thes i s  of C12:0, 14 :0 ,  14:1,  18:0, 

and 20:4 f a t t y  a c i d s  i s  low i n  adipose t i s s u e  of  abcbminal and epididymal f a t  

pads.  However, C12:O and 14:O f a t t y  a c i d s  are r e a d i l y  s to red  i n  these  t i s s u e s  

when they are provided i n  t h e  d i e t  , concomitant ly ,  t h e  propor t ions  of C16: 0 ,  

16:1,  and 18:l f a t t y  a c i d s  are decreased.  The endogenous s y n t h e s i s  of C12:0, 

14:0,  1 4 : l  and 24:O f a t t y  a c i d s  is  a l s o  very low i n  l i v e r ,  bu t  d i e t a r y  f a t  

has only a s l i g h t  e f f e c t .  Th i s  may be a t t r i b u t e d  t o  the  low l e v e l  of f a t t y  a c i d s  

(4-5% w e t  weight) i n  l i v e r  of which less than  one-half  i s  t r i g l y c e r i d e .  In 

adipose  t i s s u e ,  on t h e  o ther  hand, f a t t y  a c i d s  composed about 86% of t h e  w e t  

we igh t ,  mostly as t r i g l y c e r i d e s  ( 5 ) ,  t he  ch ie f  s to rage  form of energy.  

I n  adipose t i s s u e s  the  male ra ts  had h igher  l e v e l s  of 18:2 and lower 1 8 : l  

f a t t y  a c i d s  than d id  t h e  female rats.  Th i s  i s  probably t h e  r e s u l t  of t he  con- 

sumption of r a t  chow by t h e  males f o r  50 days pos t  weaning while  t h e  females 

consumed only the  p u r i f i e d  d i e t s  s i n c e  the  t i m e  of weaning. 

s t o r a g e  of C18:2 i n i t i a l l y  by the male ra ts  i n  Experiment 11. 

Hence, t h e  g r e a t e r  

Since the  enzyme da ta  looked i n t e r e s t i n g  but  were l i m i t e d  i n  amount, i t  

w a s  decided t o  perform another  s e r i e s  of enzyme s t u d i e s  on l i v e r  and adipose 

t i s s u e  of  r a t s  fed d i e t s  conta in ing  0% o r  45% of  t h e  c a l o r i e s  as f a t .  Such 

an i n v e s t i g a t i o n  w a s  performed and is given as Experiment 111. 



EXPERIMENT I11 

I n i t i a l  No. 
D i e t  of R a t s  

L 

~ ~ 

Number o f  rats on f i n a l  d i e t s  

F u l l  r a t i o n  One -ha1 f r a t  ion  
0% 45% 0% 45% 

Procedure : 

I n  t h i s  s tudy four teen  female and seven male rats of t h e  Long-Evans 

s t r a i n  w e r e  weaned a t  21 days of  age and placed i n  ind iv idua l  cages and fed 

a chow d i e t  f o r  two months. 

o f  t h e  c a l o r i e s  as f a t  f o r  17-24 days so  a s  t o  e s t a b l i s h  a va lue  f o r  food i n t a k e  

per  100 gm body weight per  day.  

sub-groups: a) f u l l - r a t i o n  (25 ca1/100 gm. body weight/day) , and b) one-half  

r a t i o n  (14 ca1/100 gm body weight/day) d i e t s  which were  fed f o r  32 days as 

shown be low. 

They w e r e  then given d i e t s  conta in ing  0% o r  45% 

The two d i e t  groups were then  divided i n t o  two 

*two r a t s  were kept  on chow 

The carbohydrate  c o n s t i t u e n t  of t h e  d i e t s  was  modified from one which had 

only  k x t r i - M a l t o s e  t o  one which had a 3: 1 mixture  of co rns t a rch  and Dextri- 

Maltose.  

Wednesday, and Fr iday  and w a s  weighed each Tuesday and Friday.  

During the  f i n a l  d i e t  per iod ,  each r a t  w a s  given i t s  r a t i o n  on Monday, 

Saff lower o i l  

w a s  given as before .  

g iven  la te  i n  t h e  a f te rnoon.  

On t h e  day before  s a c r i f i c e ,  t h e  f i n a l  one-day r a t i o n  was 

A t  s a c r i f i c e ,  l i v e r  and f a t  depots were taken  as before  and assayed fo r :  

a) t o t a l  s o l i d s  c o n t e n t ,  b) t o t a l  f a t t y  a c i d  conten t  and composition and c) enzyme 

a c t i v i t i e s  i n  homogenates. S l i c e s  of l i v e r  and f a t  w e r e  a l s o  prepared and a 

s tudy  of t h e i r  metabol ic  throughput was inves t iga t ed  with t h e  use  of  acetate-1-I4C , 

pyr~vate-2- '~C and leucine-UJ4C. ( 4 ) .  
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Re s u l  t s : 

The c a l o r i c  i n t a k e  and body weight changes i n  t h e  rats dur ing  t h e  f i n a l  

d i e t  per iod i s  shown i n  Table  12 .  Again t h e  c a l o r i c  e f f i c i e n c y  d a t a  are similar 

f o r  t h e  0% and 45% f a t  d i e t s .  

females but  t h e  weight g a i n s  appeared t o  be h ighe r  i n  t h e  males than  i n  t h e  

Body weight l o s s e s  were t h e  same f o r  males and 

females f o r  t he  same c a l o r i c  in take .  

Enzyme ac t iv i t i e s  i n  homogenates prepared from l i v e r  and abdominal f a t  are  

given i n  Table 13.  

a c t i v i t i e s  i n  abdominal f a t  t i s s u e ,  whereas,  i n  l i v e r  a l l  of t he  enzymes t e s t e d  

except  hexokinase and a-glycerophosphate dehydrogenase had h igher  ac t iv i t i e s  when 

t h e  r a t s  consumed t h e  f a t - f r e e  d i e t .  These r e s u l t s  agree  wi th  those  obta ined  i n  

Experiment I1 regard ing  t h e  e f f e c t s  of d i e t  on l i v e r  enzymes, however, t h e  ac t iv i t i e s  

of enzymes i n  abcbminal adipose t i s s u e  do no t  p a r a l l e l  those i n  epididymal ad ipose  

t i s s u e  of Experiment 11. This  could be a r e f l e c t i o n  of the  d i f f e r e n c e s  i n  metabolism 

between abdominal and  epididymal adipose t i s s u e  o r  i t  could be t h e  r e s u l t  of t he  d i f -  

fe rences  i n  ehe t i m e  of feeding in  the  two experiments .  I n  Experiment I1 food was  

removed a t  5PM so t h a t  t hese  animals w e r e  subjec ted  t o  an  overnight  f a s t ,  whereas 

i n  Experiment 111 food w a s  provided a t  5PM.and w a s  a v a i l a b l e  t o  t h e  rats u n t i l  s ac -  

r i f i c e .  For conclus ive  r e s u l t s ,  another  s tudy would have t o  be undertaken.  

These d i e t s  appear  t o  have no s i g n i f i c a n t  e f f e c t  on t h e  enzyme 

14 The inco rpora t ion  of t h e  C of acetate-1J4C, p y r ~ a t e - 2 - ' ~ C ,  and 1eucine-U- 

I4C i n t o  f a t t y  a c i d s  w a s  measured i n  l iver sl ices and abdominal f a t  (Table 14) .  

Whereas l iver  slices prepared f r an  ra ts  fed  t h e  f a t - f r e e  d i e t  incorpora ted  more 

of t h e  added i so tope  i n t o  f a t t y  ac ids  than  d i d  those  from t h e  rats fed t h e  45% 

f a t  d i e t ,  abdominal f a t  taken from those  two groups of animals d i d  no t  show l a r g e  

d i f fe rences* .  I n  l i v e r ,  the incorpora t ion  of t h e  14C from acetate-1J4C showed 

-l.T - the experherits ;here l i p ~ g e n e s i s  by adipzse tissce was s t i jd ied  f rm acetate, 
pyruva te ,  and l e u c i n e ,  no glucose w a s  added t o  t h e  incubat ion  medium. I n  view 
o f  t he  well-known s t imu la to ry  e f f e c t  of g lucose  on t h e  inco rpora t ion  of acetate 
carbon i n t o  f a t t y  a c i d  carbon by epididymal ad ipose  t i s s u e  ( 5 ) ,  i t  is p o s s i b l e  
t h a t  d i f f e r e n c e s  i n  t h e  rate of l i pogenes i s  between d i e t  groups would have been 
observed i n  t h e  presence of glucose.  Such experiments are planned. 



_ . *  . .  

- 10 - 

L 

t he  h ighes t  incorpora t ion  i n t o  pa lmi t ic  a c i d .  Th i s  f a t t y  a c i d  contained 35- 

45% of t h e  r a d i o a c t i v i t y  found i n  t h e  t o t a l  f a t t y  a c i d s  (Table 15). S i g n i f i -  

can t  amounts of  r a d i o a c t i v i t y  were a l s o  recovered i n  s t e a r i c  (C18:O) and o l e i c  

a c i d s  (18:l) .  The e f f e c t s  of the presence of f a t  i n  t h e  d i e t  on t h e  cha in  

lengths  of t h e  f a t t y  a c i d s  synthesized from acetate w e r e  equivoca l .  

t h e s i s  of p a l m i t i c ,  stearic and oleic  a c i d s  by liver appears  t o  proceed a t  a 

s teady  ra te  even though the t o t a l  i nco rpora t ion  of acetate-1J4C i n t o  f a t t y  

a c i d s  w a s  g r e a t e r  when no f a t  was adminis tered t o  t h e  r a t .  

The syn-  

Comments: 

The d a t a  concerning t h e  f a t t y  a c i d  composition of t h e  t i s s u e s  ( l i ve r ,  

abdominal, and epididymal f a t )  i n  t h i s  last  experiment i s  not  y e t  completed. 

Pre l iminary  evidence,  however, confirms previous observa t ions  (Experiment I 

and 11) t h a t  t h e  f a t t y  a c i d  composPtion of ad ipose  t i s s u e  i s  r e a d i l y  a f f e c t e d  

by d i e t a r y  f a t  and t h e  f a t t y  acid compositions of l i v e r  and abdominal f a t  

are s imilar  i n  males and females.  Epididymal and abdominal f a t  i n  t h e  same 

animal have similar f a t t y  a c i d  compositions.  

Thus whereas metabol ic  a c t i v i t i e s  of l i v e r  and ad ipose  t i s s u e  are a f f e c t e d  

by d i e t s  h igh  and low i n  f a t ,  f a t t y  a c i d  composition i n  t h e  l iver  does no t  

change as r e a d i l y  as i t  does i n  t h e  adipose t i s s u e  s t o r e s .  The composition 

of f a t t y  a c i d s  i n  adipose t i s s u e  r e f l e c t s  more r e a d i l y  the  composition of t h e  

d i e t a r y  f a t  than  does t h a t  of the l i v e r .  
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Table 1. DIET CWOSTTION 

0% Fa t  

Casein 23.6 

Dextr i - M a l t o s e l  76.5 

Hydrogenated Fa t  0 2 

S a l t  Mix3 0 
v 

0 4 Vitamin Mix 

Ce l lu f  l o u r  0 

DIET 

I 

I Mead Johnson Company: Composition was 42% d e x t r i n s ,  56% mal tose  , 2% water. 

P l a s t i n e ,  Durkee Famous Foods: Hydrogenated coconut o i l .  F a t t y  a c i d  composition: 
C8:0, 6.17; C l O : O ,  5.5%; C12:0, 48.9%; C14:0, 18.7%; C16:0, 9.0%; C18:0, 9.6%; 
C 1 8 : 1 ,  2.1%. 

Contained the fol lowing i n  grams: 
K C 1 ,  40.0; MgSO,, 23.0; MnSO,*HaO, 1.54; CuS04, 0.13; f e r r i c  c i t ra te ,  1.51; 
ZnCO, , 0.21; and KIO,, 0.01. 

Contained t h e  fol lowing i n  grams: 
(250,000 IU/gm) , 0.080; Vitamin D, (500,000 IU/gm) , 0.030; D-a-tocopherol a c i d  
s u c c i n a t e  (890 I U / g m )  , 0.675; menadione sodium b i s u l f i t e ,  0.002; thiamine hydro- 
c h l o r i d e  0.0125; r i b o f l a v i n ,  0.025; p e i d o x i n e  hydrochlor ide ,  0.012; niacinamide,  
0.150; calcium pan to thena te ,  0.080; Vitamin B12 (0.1% i n  g e l a t i n ) ,  0.005; f o l i c  
a c i d ,  0.005. 

CaCO,, 72.5; CaHP04, 113.0;NaaHP0, , 65.1; 

chol ine  b i t a r t r a t e ,  13.500, Vitamin A pa lmi t a t e  
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41 

41 

37 

37 
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I n i t i a l  Body Wt. 

g r a m s  

228 

227 

209 

206 

Table 2,BOW WEIGEC CHANGES I N  ADULT FEMALE RATS AS THE RESULT OF FEEDING 

TWO CALORIC LEVELS OF SINTHETIC DIETS CONTAINING o"/,, ll%, or 45% OF CALORIES AS FAT 

37 

41 

~~ ~ 

D i e t ,  % Fat 

212 

226 

I n i  t i a1 

42 

38 

41 

0 

45 

11 

45 

0 

11 

45 

239 

2 09 

221 

0 

45 

11 

0 

45 

Fina l  
- 

0 

0 

11 

11 

45 

45 

45 

0 

0 

11 

45 

45 

No..of, 
Rats 

F ina l  Diet Period 

40 

37 

230 

200 
I 

C a l .  Eaten 

)er 100 gm 
3ody wt/day 

23 

23 

25 

25 

25 

25 

25 

19 

19 

19 

1 7  

19 

Body Wt .Change 

gm/day 

+ 0.44 

+ 0.55 

+ 0.43 

+ 0.51 

+ 0.53 

+ 0.22 

+ 0.0 

- 0.81 

- 0.77 

- 0.90 

- 0.69 

- 0.89 
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Table 8. BODY WE1G)IT CHANGES I N  ADULT MALE RATS AS THE RESULT OF FEEDING 

TWO CALORIC LEVELS OF SYNTHETIC DIETS PROVIDING 0% OR 45% OF CALORIES AS FAT 

~ 

D i e t  % Fat  

I n i t i a l  

0 

45 

0 

45 

45 

0 

Fina 1 

0 

45 

0 

0 

45 

45 

Ao. of 

Rats T i m e  

days 

38 

37 

35 

36 

36 

35 

F i n a l  D i e t  Per iod 

I n i t i a l  
Body W t .  

grams 

40 4 

421 

375 

423 

423 

415 

1 
laverage of 0 .0 ,  0.53 and 0.63 

'average of 0.59, 0.95 and 1.43 

Ca lo r i e s  
Eaten 

~ ~ ~~ 

per 100 gm 
body wtlday 

17.6 

17.5 

14.6 

14.4 

14.5 

14.3 

Body W t  . 
Change 

~ ~~ ~ 

PI day 

+ 0.39l  

+ 0.992 

- 1.10 

- 1.39 

- 1.42 

- 1.20 
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Table 12.BODY WEIGHT CHANGES IN YOUNG RATS AS THE RESULT OF 

FEEDING TWO CALORIC LEVELS OF DIETS PROVIDING 0% OR 45% OF CALORIES AS FAT 

D i e t ,  % Fat  

I n i t i a l  

Chow 

0 

45 

0 

Chow 

45 

0 

45 

Fina l  

Chow 

0 

0 

45 

45 

45 

45 

0 

N o .  of 

Rats 

- 

Il i m e  

Days 

31 

32 

32 

32 

31 

32 

32 

32 

I n i t i a l  w t ,  gms 

M a  le 

408 

363 

354 

3 75 

300 

--- 

3 84 

45 3 

Female 

290 

265 

240 

232 

231 

230 

231 

237 

Fina l  D i e t  Per iod 
- ~~~~ 

Ca1/100 gm body wtlday 

M a  le 

---- 

27 .O 

28.0 

21 .o 

24.7 

---- 

13 .O 

14.5 

Female 

---- 

21.8 

23.2 

24.0 

24.8 

23.4 

14.0 

14.6 

Weight Change 

Male Female 
gm p e r  day 

+ 1.0 

+ 0.44 
+ 0.81 
+ 0.78 
+ 1.85 
- - - - - -  

- 1.60 

- 1.97 

+ 0.25 

+ 0.25 
+ 0.24 
+ 0.25 
+ 0.26 
- 0.12 

- 1.93 

- 1.85 
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F i n a l  D i e t  

I n i t i a l  D i e t  
No. of Ra t s  

T a b l e  1 3 .  ACTIVITIES' OF SOLUBLE ENZYMES I N  LIVER AND ABDOMINAL FAT HOMOGENATES 

0% Fa t  Chow 

OX. 45% Chow 
2 3 2 

OF RATS FED DIETS PROVIDING O%, 6%, OR 45% OF CALORIES AS FAT 

Hexokinase 

Glucokinase 

G lucose  - 6 -phosphate dehydrogenase 

6 -Phosphogluc mate dehydrogenase 

Pyruvate  k inase  

cuGlycerolphosphate dehydrogem se 

Citrate  cleavage 

Mal ic  enzyme 

Liver 

7 

67 

183 

111 

1252 

596 

42 

68 

Abdominal Fa1 

Hexokinase 

Glucokinase 

Glucose-6-phosphate dehydrogenase 

6 -Phosphogluc mate dehydrogenase 

Pyruvate  k inase  

a-Glycerolphosphate  dehydrogenase 

Ci t ra te  cleavage 

Malic enzyme 

35 

- - -  

15 7 

87 

347 

162 

3 

534 

6 

75 

99 

124 

948 

536 

49 

77 

27 

- - -  

100 

37 

259 

95 

19 

15 2 

5 

27 

30 

28 

301 

367 

8 

14 

23 

- - -  

179 

28 

244 

666 

13 

86 

45% Fa t  

5 

31 

91  

4 3  

507 

545 

19 

55 

27 

- - -  

124 

59 

420 

19 6 

10 

267 

5 

25 

60 

58 

537 

487 

19 

46 

16 

- - -  

137 

51  

297 

173 

0 

148 

5 

26 

77 

62 

42 7 

453 

21 

36 

17 

- - -  

70 

31 

36 7 

254 

5 

104 

l A l l  r e s u l t s  are presented  as mpmoles of pyr id ine  nuc leo t ide  oxidized a reduced 
pe r  mg 100,000 x g superna tan t  p ro te in  per  minute ( s p e c i f i c  a c t i v i t y ) .  
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Table 14.  INCORPORATION OF THE 14C OF ACETATE -1 J4C , JTRUVATE -2 J4C, AND 

LEUCINE-U-14C INTO FATTY ACIDS BY SLICES OF LIVER AND ABDOMINAL ADIPOSE 

TISSUE OF RATS FED DIETS CONTAINING DIFFERENT AMOUNTS OF FAT. 
~ ~ ~~ 

S u b s t r a t e  

Acetate -1 J4C 

Pyruvate  -2 J4c 

Leuc i n e  -U 2 4 ~  

D i e t ,  % F a t  

I n i t i a l  

45 

0 

Chow 

0 

45 

45 

0 

Chow 

0 

45 

45 

0 

Chow 

0 

45 

F ina l  
(4  -5 weeks) 

45 

45 

45 

0 

0 

45 

45 

45 

0 

0 

45 

45 

45 

0 

0 

of added i so tope  recovered i n  
F a t t y  Acids from slices of:  

L iver  1 

1.23  (2) 

0 .72 (3) 

1 .41  (3) 

5 . 4 5  (2) 

5 .75  (3) 

0.46 (2) 

0.18 (2) 

0.53 (3) 

1.79 (2) 

2.67 (3) 

0.37 (2) 

0.17 (3) 

0.30 (3) 

0.57 (2) 

0 .93 (3) 

~~ ~ 

2 Abdominal Adipose Tissue  

0.24 (2) 

0 .28 (3) 

- - - -  

0.55 (2) 

0 .43 (2) 

0 .21  (2) 

0.32 (3) 

0.24 (3) 

0.34 (2) 

0.56 (2) 

0.25 (2) 

0.36 (1) 

0.30 (3) 

- - - -  

0.32 (3) 

'In t h e  experiments wi th  l i v e r  s l ices ,  100 mg of s l i c e s  w e r e  incubated wi th  
1 m l  of Krebs-Henseleit  bicarbonate  bu f fe r  a t  pH 7.3 (3) con ta in ing  e i t h e r  
2 pmoles of Acetate-1J4C, 5 pmoles of Pyruvate-2J'C o r  1 pmole of L-Leucine, 
uniformly l abe led  wi th  14C f o r  3 h r s  a t  37' wi th  a mixture  of 95% 0 and 5% 
CO, as gas  phase.  The  i s o i a t i o n  of Ehe f a t t y  a c i d s  and assay f o r  'C activity 
h a s  been descr ibed  elsewhere ( 4 ) .  A l l  va lues  are given as t h e  averages (per  
c e n t  of added i so tope  recovered i n  f a t t y  a c i d  f r ac t ion )  of s epa ra t e  determina- 
t i o n s  wi th  i n d i v i d u a l  rats.  

21n t h e  experiments with adipose t i s s u e ,  200 mg of s l i c e s  w e r e  incubated with 
1 m l  o f  t h e  same buf fe r  containing e i t h e r  2 pmoles of Acetate-1J4C, 5 pmoles 
o f  Py r~va te -2 - '~C  o r  1 pmole of L-Leucine, uniformly l abe led  wi th  14C f o r  3 h r s .  
a t  37'. 
a n a l y s i s  given above. 

The number of rats used i s  given i n  p a r e n t h e s i s .  

A mixture  of 95% 0, and 5% CO, served as gas phase.  Subsequent 
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Table 15. INCORPORATION OF ACETATE-1J4C INTO FATTY ACIDS 

BY L I V E R  S L I C E S  OF RATS MAINTAINED ON SYNTHETIC DIETS 

PROVIDING 0% OR 45% O F  THE CALORIES AS FAT 

D i e t ,  % Fat 

rat no. 
% i nco rp .  

F a t t y  Acid: 

14: 0 

16: 0 

16: 1 

18: 0 

18: 1 

18: 2 

20: 4 

I I 
45% then 0% 

1.32 1.14 7 91 2.98 12.36 3.34 

% o f  cpm i n  f a t t y  acid 

3 6 

53 24 

0 0 

18 31 

12 8 

2 2 

3 15 

7 9 

43 44 

3 7 

29 6 

13 29 

1 <1 

<1 0 

4 5 

46 35 

10 4 

15 35 

21 16 

<1 0 

0 0 
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